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Optical-fibre laser - has optical amplifier which is installed between two optical mirrors to perform 
laser oscillation to enable two-way reflection between optical mirrors 
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PURPOSE: To generate a laser beam of linear polarization stably without performing polarization 
control especially by a comparatively simple structure, by making the laser beam go and return 
between first and second optical fiber mirror sections. 

CONSTITUTION: A first optical fiber mirror section FM1 has a wavelengthdependent optical 
fiber coupler 01, and excitation light is caused to pass without being changed, but the light of the 
wavelength of a laser beam is equally branched half by half and emitted. And each one end corn 
the same side of a pair of optical fibers constituting this wavelength-dependent optical fiber 
eoupter 01 is connected to each other into a loop through the medium of an optical fiber F1. On 
the other hand, a second optical fiber mirror section FM has a polarization-dependent optical fiber 
coupler 02, and only the light of a specific polarization angle of a laser beam is equally branched 
half by half and emitted. And each one end on the same side of a pair of optical fibers constituting 
this polarization-dependent fiber coupler 02 is connected to each other into a loop through the 
medium of an optical fiber F2. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical fiber laser using the optical 
fiber amplifier v^hich amplifies light according to the induced emission effectiveness as a 
laser medium. 
[0002] 

[Description of the Prior Art] Generally as solid state laser, the glass rod which doped 
rare earth elements etc. is used as a laser medium, this laser medium is inserted, and there 
are some w^hich have arranged the reflecting mirror of a pair and constituted the resonator 
of Fabry-Perot. 

[0003] However, with this kind of equipment, since an optical axis is made in agreement, 
respectively and it is necessary to arrange a laser medium and a reflecting mirror spatially, 
an assembly is troublesome, and also enlarges equipment and becomes expensive. 
[0004] So, with the conventional technique, the optical fiber laser of a configuration as 
shovra in drawing 9 is offered. 

[0005] This optical fiber laser is the thing using the optical fiber amplifier AE which 
comes to dope rare earth elements, such as Er, in the core of an optical fiber as a laser 
medium, to this optical fiber amplifier AE, the optical fiber coupler calcium for 
multiplexing, the optical fiber coupler Cb for branching, and the isolator I of a 



polarization-independent type are connected in the shape of a ring one by one through 
optical fiber F of a single mode, and the optical resonator is constituted. In addition, P is 
the excitation light source which consists of a laser diode etc. 
[0006] The optical fiber amplifier AE is excited by the excitation light introduced 
through the optical fiber coupler calcium fi^om the excitation light source P, and this 
optical fiber laser starts laser oscillation, and is gradually amplified because the light 
induced emission was carried out [ light ] by this goes the inside of this optical resonator 
around. And a part of amplified laser beam is taken out out of a system through the 
optical fiber coupler Cb for optical branching. 

[0007] The optical fiber laser of a configuration of being shown in drawing 9 has a high 
output to the top where structure is comparatively easy as compared with the usual 
semiconductor laser etc., moreover the features that the wavelength band of laser 
oscillation is large are in it, and, for this reason, use of the source of a signal of wave- 
length multiple telecommunication etc. is considered. 

[0008] On the other hand, the laser beam emitted from the usual solid state laser has a 
polarization property, and has a coherency. On the other hand, the laser beam emitted 
from the optical fiber laser of the above-mentioned configuration caimot specify a 
polarization condition on the relation which spreads the inside of the optical fiber in a 
ring-like optical resonator. 

[0009] Since coherence is low (about [ of a linearly polarized wave ] 1/2), it becomes 
impossible therefore, for the laser beam by which outgoing radiation is carried out from 
the optical fiber laser of a configuration of being shown in drawing 9 to apply this optical 
fiber laser as it is to various kinds of devices using the coherence of an old laser beam. 
For example, although the coherence of a laser beam is used in a length measuring 
machine, holography, and a heterodyne detector, application to these equipments 
becomes difficult. 

[0010] So, with the conventional technique, the thing of a configuration of having 
prepared the polarizer is offered in the middle of the optical resonator of the shape of a 
ring shown in drawing 9 in order to give a polarization property to the laser beam by 
which outgoing radiation is carried out from optical fiber laser (for example, refer to 
JP,5-327096,A). 
[0011] 

[Problem(s) to be Solved by the Invention] However, though a polarizer is arranged in 
the middle of a ring-like optical resonator, since an optical fiber is not directly 
connectable to a polarizer, it is necessary to perform optical association by inserting the 
module which combined optical elements, such as a lens and a polarizing plate, into an 
optical resonance circuit. 

[0012] That is, when arranging optical elements, such as a lens and a polarizing plate, 
spatially, since optical-axis doubling etc. is still required, inclusion tends to produce the 
drift resulting from temperature fluctuation etc., and it is not only troublesome, but lacks 
in long term stability. 

[0013] Moreover, with the configuration which prepared the polarizer, there is a 
possibility that the polarization angle may shift by the time it goes around after passing a 
polarizer, and it passes a polarizer again, only by making a laser beam go around the 
inside of the optical resonator of that in which a laser beam comes to have a polarization 
property. And when a polarization angle shifts, in order not to pass a polarizer, laser 



oscillation does not continue but a possibility of stopping also has it. 
[0014] Therefore, in preparing a polarizer, the polarization controlling element for 
combining with this and making the polarization angle after the circumference in 
agreement is further needed, and it complicates a configuration. 

[0015] This invention was made in order to solve the above-mentioned trouble, and even 
if it does not perform especially polarization control in the optical fiber laser using the 
optical fiber amplifier which amplifies light according to the induced emission 
effectiveness as a laser medium as a comparatively easy configuration is also, it makes it 
a technical problem for the laser beam of a linearly polarized wave to be stabilized and to 
make it generated. 
[0016] 

[Means for Solving the Problem] The optical fiber coupler which comes to carry out 
fusion splicing of the optical fiber of a pair is adjusting the amount of extensions in the 
case of fusion splicing etc., and it is known that a wavelength dependency and a 
polarization dependency can be given (for example, Applied Optics, Vol. 22 No. 3 p484- 
491, 1983, JOURNAL OF LIGHTWAVE TECHNOLOGY VOL9, and NO.l 1 
NOVEMBER 1991 p 1503-1506). 

[0017] Carry out an isotomous division, and if the above-mentioned optical fiber coupler 
connects mutually the both ends by the side of the same of each optical fiber in the shape 
of a loop formation when it has 3dB property which carries out outgoing radiation of the 
incident light to two optical fibers, moreover, due to phase matching It is known that the 
light which carried out incidence firom one optical fiber v^U act as a reflector which as it 
is often carries out outgoing radiation fi-om the optical fiber of the same incidence edge. 
(For example, JOURNAL OF LIGHTWAVE TECHNOLOGY V0L6, N0.7 JULY1988 
pl217-1224). 

[0018] This invention takes the next configuration, in order to have been made paying 
attention to this event and to solve an above-mentioned technical problem. 
[0019] Namely, the optical fiber laser concerning this invention While connecting the 1st 
optical fiber mirror section and the 2nd optical fiber mirror section according to an 
individual, respectively and forming an optical resonator before and after that to the 
optical fiber amplifier which amplifies light according to the induced emission 
effectiveness It comes to connect with said 1st optical fiber mirror section the excitation 
light source which generates excitation light. Said 1st optical fiber mirror section 
Although the light of the wavelength of excitation light makes it pass, while carrying out 
the isotomous division of the light of the wavelength of a laser beam every [2/1/] and 
equipping it v^th the Wavelengtii-dependent optical fiber coupler which carries out 
outgoing radiation The one end section by the side of the same of the optical fiber of the 
pair which constitutes this wavelength-dependent optical fiber coupler is mutually 
connected in the shape of a loop formation, and it is constituted. Moreover, said 2nd 
optical fiber mirror section While having the polarization-dependent optical fiber coupler 
which carries out the isotomous division only of the light of the specific polarization 
angle of a laser beam every [2/1/], and carries out outgoing radiation, the one end 
section by the side of the same of the optical fiber of the pair which constitutes this 
polarization-dependent optical fiber coupler is mutually connected in the shape of a loop 
formation, and it is constituted. 
[0020] / 



[Function] In the above-mentioned configuration, the excitation light from the excitation 
light source is introduced into the 1st optical fiber mirror section which constitutes an 
optical resonator. Since the wavelength-dependent optical fiber coupler which constitutes 
the 1st optical fiber mirror section passes the light of the wavelength of excitation light as 
it is, this excitation light is introduced into an optical fiber amplifier, and an optical fiber 
amplifier is excited by this. 

[0021] And the laser beam produced by the induced emission of an optical fiber amplifier 
is introduced into the 1st and 2nd optical fiber mirror section, respectively. 
[0022] The isotomous division of the laser beam introduced into the 1st optical fiber 
mirror section is carried out every [ 2 / 1/] by the wavelength-dependent optical fiber 
coupler, and each branched laser beam is again introduced into a wavelength-dependent 
optical fiber coupler. At this time, due to phase matching, it is multiplexed and outgoing 
radiation of the branched laser beam is carried out fi-om the optical fiber by the side of the • 
same incidence. That is, the 1st optical fiber mirror section will act as a reflector to a 
laser beam. And the laser beam reflected in the 1st optical fiber mirror section is again 
introduced into an optical fiber amplifier, and is amplified. 

[0023] On the other hand, the isotomous division of the laser beam introduced into the 
2nd optical fiber mirror section is carried out by the polarization-dependent optical fiber 
coupler every [2/1/], and, as for each branched laser beam, only the light of the specific 
polarization angle is again introduced into a polarization-dependent optical fiber coupler 
by it. At this time, due to phase matching, it is multiplexed and outgoing radiation of the 
branched laser beam is carried out firom the optical fiber by the side of the same incidence. 
That is, the 2nd optical fiber mirror section will act as a reflector only to the laser beam 
of a specific polarization angle. And the laser beam reflected in the 2nd optical fiber 
mirror section is again introduced into an optical fiber amplifier, and is amplified. 
[0024] In this way, the laser beam of the specific polarization angle reflected in the 1st 
and 2nd optical fiber mirror section, respectively is repeatedly amplified by the optical 
fiber amplifier, laser oscillation is continued, and some of the laser beams are taken out 
outside. 

[0025] In this laser oscillation, since a laser beam is not made to go around within the 
optical resonator of the shape of a loop formation like before but a laser beam is made to 
go between the 1st and 2nd optical fiber mirror sections, even if it does not carry out 
especially polarization control, the polarization angle in each location is in agreement by 
going, coming and attributing the same optical path length's outward trip, and the same 
optical path of a return trip. Therefore, the laser beam of a linearly polarized wave will be 
stabilized and outgoing radiation will be carried out. 
[0026] 

[Example] Drawing 1 is the block diagram of the optical fiber laser concerning the 
example of this invention. 

[0027] The optical fiber laser of this example is equipped with the optical fiber amplifier 
AE which amplifies light according to the induced emission effectiveness, to this optical 
fiber amplifier AE, the 1st optical fiber mirror section FM 1 and the 2nd optical fiber 
mirror section FM 2 are connected according to an individual before and behind that, 
respectively, and the optical resonator of Fabry-Perot is constituted, and the excitation 
light source P which generates excitation light is connected to the 1st optical fiber mirror 
section FM 1. 



[0028] The above-mentioned optical fiber amplifier AE amplifies light according to the 
induced emission efifectiveness, and is formed by doping rare earth elements, such as Er 
and Nd, in the inside of the core of an optical fiber, or the periphery section of a core for 
example. And for example, when Er is doped, the laser beam of fixed wavelength 
lambdaL (=1.5 5 -micrometer band) is emitted by induced emission. 
[0029] Moreover, in this example, the excitation light source P consists of semiconductor 
laser, such as a laser diode, and generates the excitation light of fixed wavelength 
lambdap (this example 1.48 micrometers). 

[0030] The 1st optical fiber mirror section FM 1 has the wavelength-dependent optical 
fiber coupler CI . A wavelength dependency is given so that the isotomous division of the 
light of wavelength [ of laser beam ] lambdaL may be carried out every [2/1/] and 
outgoing radiation may be carried out, although it is made to pass as it is, without the 
light of wavelength [ of excitation light ] lambdaP branching as shown in drawing 3 by 
carrying out fixsion splicing of the side face of the optical fibers Fl 1 and F12 of a pair, 
becoming, as the this wavelength-dependent optical fiber coupler CI is sho^yn in drawing 
2 , and adjusting the amount of extensions in the case of fiision splicing etc. 
[003 1] That is, in drawing 2 , although it passes as it is between tiie edges of **-** or **- 
** about the excitation light of wavelength lambdaP, wdthout branching in any way when 
sign ** - ** are attached to each edge of the optical fibers Fl 1 and F 12 of the pair which 
constitutes the wavelength-dependent optical fiber coupler CI, respectively, light does 
not pass between the edges of or **-**. 

[0032] On the other hand, about the laser beam of wavelength lambdaL, when incidence 
is carried out fi-oiii the edge of **vor **, an isotomous division is carried out to the 
terminal of ** and ** every [2/1/], and outgoing radiation is carried out to it, 
respectively. That is, to the incident light of wavelength lambdaL, it has 3dB property. 
[0033] And in this example, one end section [ by the side of the same (left-hand side of 
drawing 2 ) ] ** of the optical fibers Fl 1 and Fl 2 of the pair which constitutes this 
wavelength-dependent optical fiber coupler CI, and ** are mutually connected in the 
shape of a loop formation through the optical fiber Fl of a single mode. Furthermore, 
other-end section ** of an optical fiber Fl 1 is connected to the optical fiber amplifier AE, 
and other-end section ** of an optical fiber F12 is connected to the excitation light source 
P, respectively. 

[0034] la addition, even if it does not use the optical fiber Fl of a single mode, it is also 
possible to compare directly the optical fiber Fl 1 and F12 comrades which constitute the 
wavelength-dependent optical fiber coupler CI, and to connect in the shape of a loop 
formation. 

[0035] On the other hand, the 2nd optical fiber mirror section FM 2 has the polarization- 
dependent optical'fiber coupler C2. This polarization-dependent optical fiber coupler C2 
is what carries out fiision splicing of tiie side face of the optical fibers F21 and F22 of a 
pair, and becomes, as shown in drav^dng 5 . A polarization dependency is given so that 
the isotomous division only of the light of the linearly polarized wave which has the 
specific polarization angles thetal and theta2 (however, thetal-theta2=180 degree) may 
be carried out every [2/1/] and it may carry out outgoing radiation among light vnth 
wavelength lambdaL of a laser beam by adjusting the amoimt of extensions in the case of 
fiision splicing etc., as shown in drav^ng 6 . 

[0036] When sign ** - ** are attached in drawing 5 to each edge of the optical fibers F21 



and F22 of the pair which constitutes the polarization-dependent optical fiber coupler C2, 
respectively, namely, among light with wavelength lambdaL of a laser beam About the 
light of a linearly polarized wave with the specific polarization angles thetal and theta2, 
when incidence is carried out fi"om the edge of ** or **, an isotomous division is carried 
out to the terminal of ** and ** every [2/1/], and outgoing radiation is carried out to it, 
respectively. That is, it is set up so that it may have 3dB property to the light which has 
the specific polarization angles thetal and theta2 of the incident light of wavelength 
lambdaL. ^ , 

[0037] And in this example, one end section [ by the side of the same (right-hand side of 
drawing 5 ) ] ** of the optical fibers F21 and F22 of the pair which constitutes this 
polarization-dependent optical fiber coupler C2, and ** are mutually connected in the 
shape of a loop formation through the optical fiber F2 of a single mode. Furthermore, 
other-end section ** of an optical fiber F21 is connected to the optical fiber amplifier AE, 
and let other-end section ** of an optical fiber F22 be the outgoing radiation edge out of 
a laser beam. 

[0038] In addition, even if it does not use the optical fiber F2 of a single mode, it is also 
possible to compare directly the optical fiber F21 and F22 comrades which constitute the 
■polarization-dependent optical fiber coupler C2, and to connect in the shape of a loop 
formation. 

[0039] Next, an operation of the laser oscillation of the optical fiber laser of the above- 
mentioned configuration is explained. 

[0040] The excitation light of fixed wavelength lambdaP (this example 1 .48 micrometers) 
generated from the excitation light source P is introduced into the 1st optical fiber mirror 
section FM 1 which constitutes an optical resonator. 

[0041] In this case, although excitation light is inputted in this example firom end section 
[ of the optical fiber F12 which constitutes the wavelength-dependent optical fiber 
coupler CI ] **, without branching with the optical fiber coupler CI, that excitation light 
passes through each edge of ** of an optical fiber F12, and **, folds it with an optical 
fiber Fl, passes through each edge of ** of an optical fiber Fl 1, and ** to ******** and 
a pan, and is introduced into them at the optical fiber amplifier AE. 
[0042] And the laser beam produced by the induced emission of the optical fiber 
amplifier AE excited v^th this excitation light is introduced into the 1st and 2nd optical 
fiber mirror sections FMl and FM2, respectively. 

[0043] In this' case, although a laser beam will be inputted about the 1st optical fiber 
mirror section FM 1 from end section [ of the optical fiber F12 which constitutes the 
wavelength-dependent optical fiber coupler CI ] **, the isotomous division of this laser 
beam is carried out every [2/1/] with each optical fibers Fl 1 and F12, respectively, and 
outgoing radiation is carried out fi-om each edge ** and **, respectively. And the laser 
beam by which outgoing radiation of the laser beam by which outgoing radiation was 
carried out fi'om one edge ** was carried out to other-end section ** fi"om other-end 
section ** through the optical fiber Fl again is inputted into one edge ** through the 
same optical fiber Fl, respectively. 

[0044] At this time, the laser beam which had branched to two is the relation of phase 
matching, and outgoing radiation is carried out firom edge [ of the same optical fiber Fl 1 
as having been multiplexed and having carried out incidence of the laser beam 
previously ] **. That is, if the luminous intensity which carries out incidence of the light 



of many wavelength from terminal [ of an optical fiber Fll ] **, and carries out outgoing 
radiation from the same edge ** is investigated, as shown in drawing 4 , the light of 
wavelength lambdaL of a laser beam will be taken out preferentially. That is, the 1st 
optical fiber mirror section FM 1 will act as a reflector to the laser beam of wavelength 
lambdaL. 

[0045] In this way, the laser beam reflected in the 1st optical fiber mirror section FM 1 is 
again introduced into the optical fiber amplifier AE, and is amplified. 
[0046] Although a laser beam will be inputted about the 2nd optical fiber mirror section 
FM 2 on the other hand from end section [ of the optical fiber F21 which constitutes the 
polarization-dependent optical fiber coupler C2 ] ** The light of the linearly polarized 
wave which has the specific polarization angles thetal and theta2 (however, tihetal- 
theta2=180 degree) of this laser beam branches with each optical fibers F21 and F22 
preferentially, and outgoing radiation is carried out from each edge ** and **, 
respectively. And the laser beam by which outgoing radiation of the laser beam by which 
outgoing radiation was carried out from one edge ** was carried out to other-end section 
** from other-end section ** through the optical fiber F2 again is inputted into one edge 
** through the same optical fiber F2, respectively. 

[0047] At this time, the laser beam which had branched to two is the relation of phase 
matching, and outgoing radiation is carried out from edge [ of the same optical fiber F21 
as having been multiplexed and having carried out incidence of the laser beam 
previously ] **. That is, if the luminous intensity which carries out incidence of the light 
of a circularly-polarized wave from edge [ of an optical fiber F21 ] ** , and carries out 
outgoing radiation from the same edge ** is investigated, as shown in drawing 7 , the 
light of the linearly polarized wave in which a phase has polarization angles thetal and 
theta2 different 180 degrees will be taken out preferentially. That is, the 2nd optical fiber 
mirror section FM 2 will act as a reflector to the light of the linearly polarized wave 
which has the polarization angles thetal and theta2. 

[0048] In this way, the laser beam of the linearly polarized wave reflected in the 2nd 
optical fiber mirror section FM 2 is again introduced into the optical fiber amplifier AE, 
and is amplified. And the laser beam of the linearly polarized wave reflected, respectively 
in the 1st and 2nd optical fiber mirror sections FMl and FM2 is repeatedly amplified by 
the optical fiber amplifier AE, and laser oscillation is continued. 

[0049] In this laser oscillation, in order to carry out both- way reflection of the laser beam 
not among a thing which makes a laser beam go around within the optical resonator of 
the shape of a conventional ring shown in drawing 9 but among the 1st and 2nd optical 
fiber mirror sections FM [ FMl and ] 2, even if it does not carry out especially 
polarization control, it is stabilized and the laser beam of a linearly polarized wave can be 
taken out. 

[0050] For example, as shown in drawing 8 , when the amplitude of the direction 
component which intersects perpendicularly the amplitude of the one direction 
component of a laser beam with aX and this is set to aY and the laser beam of a linearly 
polarized wave is reflected in the 2nd optical fiber mirror section FM 2, it will be in the 
polarization condition of the continuous-line location for example, in this drawing, and 
on the outward trip wliich results in the 1st optical fiber mirror section FM 1, this laser 
beam + When it presupposes that a gap of the polarization angle of deltatheta arises (it 
shifts to the broken-line location in this drawing). When this laser beam is reflected in 



this 1st optical fiber mirror section FM 1, since a gap of the polarization angle of - 
deltatheta arises conversely, in the return trip which results in the 2nd optical fiber mirror 
section FM 2, a gap of a polarization angle is offset by carrying out both-way reflection 
of the same optical-path top (it returns to the continuous-line location in this drawing). 
Therefore, only the laser beam of the linearly polarized wave which has the specific 
polarization angles thetal and theta2 (however, thetal-theta2=180 degree) repeats laser 
oscillation. , 

[0051] Here, as mentioned above, although the light of a linearly polarized wave is 
reflected, the reflection factor is about 70%, and the 2nd optical fiber mirror section FM 2 
/ is taken out from terminal [ of an optical fiber F22 ] ** outside through an outgoing end 
out, without reflecting about 30 remaining% with the polarization-dependent optical fiber 
coupler C2. 

[0052] In addition, what is necessary is just to prepare the filter which cuts wavelength 
lambdaP of this jexcitation light between the 2nd optical fiber mirror section FM 2 and the 
outgoing radiation edge out, in making this excitation light vmnecessary although 
outgoing radiation also of the excitation light (wavelength lambdaP) is carried out 
through an outgoing end out from terminal [ of the optical fiber F22 which constitutes the 
2nd optical fiber mirror section FM 2 ] **. 

[0053] Light other than what has the specific polarization angles thetal and theta2 among 
laser beams (wavelength lambdaL) moreover, at the beginning [ of laser oscillation ] of 
initiation Altiiough outgoing radiation is carried out through an outgoing end out from 
terminal [ of the optical fiber F22 which constitutes the 2nd optical fiber mirror section 
FM2 ] ** According to laser oscillation being continued, those light is decreased 
gradually, only the light of the linearly polarized wave which has the specific polarization 
angles thetal and theta2 is amplified altematively, and outgoing radiation of them is 
carried out. 

[0054] In addition, although he is trying to take out a laser beam from the outgoing 
radiation edge out of the 2nd optical fiber mirror section FM 2 in the above-mentioned 
example, as the broken line of drawing 1 shows, it is also possible to consider as a 
configuration which forms the optical fiber coupler C3 and takes out a laser beam from 
this optical fiber coupler C3 separately. 
[0055] 

[Effect of the Invention] Since laser oscillation is made to perform by preparing the 1 st 
and 2nd optical fiber mirror section, and carrying out both-way reflection between both 
the mirrors sections in the optical fiber laser using the optical fiber amplifier which 
amplifies light as a laser medium according to the induced emission effectiveness 
according to this invention, it can be stabilized and the laser beam of a linearly polarized 
wave can be generated. 

[0056] Moreover, since space optical system, such as a lens, is not used for the optical 
fiber laser of this configuration but only an optical fiber is used for it as an optical 
element, it is very easy an assembly and it is excellent also in stability. 
[0057] Furthermore, since a polarization controlling element like before is also 
unnecessary, a configuration is still easier and becomes the thing of a low price. 

Claim(s)] 

[Claim 1] While connecting the 1st optical fiber mirror section and the 2nd optical fiber 



mirror section according to an individual before and behind that, respectively and 
constituting an optical resonator to the optical fiber amplifier which amplifies light 
according to the induced emission effectiveness It comes to connect v^th said 1st optical 
fiber mirror section the excitation light source which generates excitation light. Said 1 st 
optical fiber mirror section Although the light of the wavelength of excitation light makes 
it pass, while carrying out the isotomous division of the light of the wavelength of a laser 
beam every [2/1/] and equipping it with the wavelength-dependent optical fiber coupler 
which carries out outgoing radiation The one end section by the side of the same of the 
optical fiber of the pair which constitutes this wavelength-dependent optical fiber coupler 
is connected mutually, and it is constituted. Said 2nd optical fiber mirror section While 
having the polarization-dependent optical fiber coupler which carries out the isotomous 
division only of the light of the specific polarization angle of a laser beam every [2/1/], 
and carries out outgoing radiation it connects mutually and the one end section by the 
side of the same of the optical fiber of the pair which constitutes this polarizations- 
dependent optical fiber coupler is constituted ~ having — the optical fiber laser 
characterized by things. 
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T4'{cEr^o*±«7c«iSr K^y LT)5t55fe7r-Y'< 

5, 

[00 0 6] rw^t^T-r-'^i'-iftt* aiajtiKP**^ 
ixfc u— !Pife(i!>-S»*53te5^<SM3fe7 7 -f z-?*-/? CbSr 
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2 

[0 0 0 7] |l9(C^tll^«)5fc7r-l'''<U'— ftt, #1 

[0 0 0 8] a^oiaf^u— t)->^.fi5c(tJ^i^5^' 
[0009] L./!:*5o-C. l29ic3rt«;Si^Jt77'f''< 

(ii[^<15^g©l/2SS)^ 44f©u— 

mm Lfc#a©tSSSlc*J t-C, ©3fe7 r -< ^ t^— 

[0 0 10] -eclX', «gt^m. 3fc77.-<-'<l'—!'' 
IJ^ !t#g3¥5- 3 2 7 0 9 6^4ii«#fi8). 

tool ll 

^ ic^ LTitgJc3fc7 7-f -'^SrS^i^t S w i 'ii^ 
[ 0 0 1 2 1 o* 9 , vX^)t«^©)t^^Sr^ 

[0 0 13] m^^^!:ffcm-C-H. 

[0 0 14] Ufc^ioT, {@3t^S:Sft54g^lctt. r 

CO 0 1 5] immx i.^<ofm^^m%-t^it^^ 

77'f'''«ii'fS^iF^^— ifiS^i: UTffl^^)t3fe77'f^< 
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3 

loo 161 

U#5r.i:35S*BtbtfCl/^S(fctx.lJ. Applied Optic 
s. Vol. 22 No. 3 p484~491, 1983 , JOURNAL (F LIGHTff 
AVE TECHNOUXJy V0L9, HO. 11 NOVEMBER 1991 pl503~15 
06). 

[0 0 171 tfcv ±E*7r^'''<P*?7'7*N Miit^ 10 

^b^^■C^^^>(fci;i^^, JOURNAL OF UGHTOAVE TECHNO 
LOGY V0L6, NO. 7 JULY1988 pl217~122Do 
to 0 1 81 *3E?««. !!)>d»5*l6>C^e LT/£$lXfc 

20 

(0 0 191 1-*fc>*), *^WK«S55t>'T-f''-'V-f 

u— iP3te®iSEfi<oy(i<± 1 / 2 -f o^i>et uraiSH-s^ 

ft|fe#§3l677'<''"?*:='7Srffifi)5-t--5-«©3feV7-r^< 30 

n,. fiftS^23fc7 7'f^<5 7-1fl»4^ f*© 

4«FSoiiS[^ro3fe<iO^Sr 1 / 2-f o^^JS tXiUSt1-5 
^Bi!JcfSffS©3t77-l'^'^*5'7^{Si5i:i:<>{-. -® 
7'f 7^7 S:1Sfifci-6-*rw3l&7 7 -f 

[00201 

)l£?t«§l?:«^5^l*7r-Y/^57-SlSK:?iA^n 40 
5. mi*77'f^<5 7-«itS:«/i&t5jfi««^?3!l)fc7 

C:©Ii!ijg)fcA53te77-<-'<Jifi^^l-^A$ti., r 
n(i:J:oT3fe77'f''<i«»^*5a^^lT'^. 
[ 0 0 2 1 1 -e L-C, Jt7T'<'^'«liit§^^<^^^ttii^ 

[0 0 2 21 ^l3fe77'f'<5 7-asj-^AS;h.fc^- 
•fpfett. i!S:gft#ajfe77'f^<*:^5iiJ;o-ci/2l' 
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4 

fe#ii)t77W^<*7'7ic^A$n5. r©i#, tasB 

i:AStffijw)£77-l'^''A»?>faiti!5ii5. oiO. |gl?fe 

-tUT. ^lJfe77>f^-'5 9-|»T? 
KW^Hfcl^-fitl*. St?)fe7 7-f-'<Jii|is^i^l-J^A 

[00 23J -3^. ®2)fe77-r^^5 7-g6lci^A$*l 

ro#SK»^«tA«?ifcw***i/2-f-^^liffi$ii. ^« 
^?tifc*>*<oi'— f^Jfett, rtt;{BS?ft^^3t77W/^:* 
7'7lc^A$4i§. r(^>t*. fa:?iS^wK«-t, ^ 
^ci^TV^fc f Tfett-g-SE^ JlT^ DAWttli^ J^7 7'<' 
^^A>P>WWStl"5. -^^fJ. m2it77'<''-<^7-S|5 

T'KW^nfci^— Tifcttx flt;)t77^'/<i«tl5S^fc^ 
ASitX*ltg^5il5, 
[00241 r5L--C, Hi. ®23t77'l''"'5 7-IS5 

-f /'tii*S^^T?a^ t) L.li<B #ixT. L'-f-'HSiJSi^ 

[0 0 2 51 rrou— tf^SX'tt, ^£*=roJ; 9 

1, S27l£7r-<.'^5:7-{*raf ^-1f*«rftffi$*5 

rot?, i^icm.mii-tii<xh, m-%ni^<omt 

[00261 

m^m Ml ii*ig?e«)0?is0iiic«5*77'i'''^v'- 

[0 0 2 71 reO^ti0i|«)3t7 7'l'''<W'"i'-'!*. 

yi^*ic J; t) *<^ii*i-t-5*7 7 ^<mmm=j-A e ^shi 

;t, :iro5fc77-Y-''^ti<@5!5^-AEic5!tL.-C, ^(O^^tZ 
I|ljt7r'f''<5 9-S|1FM. >;^23fe77'l'/<5 7- 

615 FM. f: 5Sr^:^^.^'i^fi!?'ll^^^ 1^X7 7 -/ y 

[0 0 2 81 ±.U0i^7T4^<mi^^'i-AEii. mMHc 
r. Nd7l;i'ro#±^7B*5:Jt77'r/'«»='Tf*fcl4= 

ici^*) ;i (= 1 . 5 5 ^ n^) o I'—fm^Mm 

[0 0 2 91 ttc-. mmmpii. :^m'itu—fy^ 
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6 

[0 0 3 01 ^l3l£7r'(''^$7-^FM,t4. 

[0 0 3 11 i-fii>h. @2lci3V^-c. jgS«i#S!3t7 lo 

[0 0 3 2] rHi::*tLT, fJfcJ^-^^^ 
®(D«^tc*n-e;h-i/2-fo«l5^(S$itrit5lt$n 

[00331 iLX. ;iroiSfifi!c#S*7r 

[0 0 3 41 >fcjb\ ^-^-K^Jt^r-Y^^F.^ffiv^ 
[0 0 3 51 ^25t7r-^^'^5:7-Si5FM.«:. 

it©jte7r-i'''^F,; , Fa <Dffl!lffiSrSltS5^t'C!'i5fc 
jewMiS^e,. so" )2:lr 

[00361 t''£t>*». 0 5 t:J3V^T. fl3SclSSt#^3fc7 
7^/<*7'7^C.S:«fiW-§-*f®Jfe7r'r'-'F„ . F 
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6 

[ 0 0 3 7 1 * LTs *t!IJT'H. Z(Dm^^m^y T 
4^<*zfyC.^mj^-t^-nn%y7^^''F« , F=z 

[0 03 81 *-^-K«jt77'f'<K,SrfflV^ 

*77'f /<F« , F= ^±^aglw^#^to*-CA— 7" 
*tlCgSK-r r t ^> RlffiT-fo?)„ 
[0 0 3 9] Sclc, J:IBlS^©J!£77t''^v— 

[0 0 4 0] mmM^i)^h^^^f^it-^^^Xf{-^ 

1 )£7 r W 5 7 -B5FM, t^A $ 
[0041] r ©^-g-x *01-C-i4, fe;S^fe?^*7 7 ^ 
A;&7'?C,^ffi^t-53fe77-l'^''Fn 0-SSeS®**P> 

l@i;E?e*sA;^Six5*5, -twKiiSm %y7^^^*7' 

©#Ssa5S:3i»iLT3t77>f/'5F,-Ct;f!3&"x.$fl.. ^5 
t>tc. 7fe77-Y''-?Fu ©®. ®<r>^^Si5S:iiiiU-C3fe7 
7'1'''^ifii)I^T- A E IC^A^itS, 

[004 2] ^L-C, :i®iaS)tX-l)jE5Hfc)E7r'i' 

^1, ^23t77'f^<5 7-la5KM., K Mr IC^:i^^ 
i^A^itS. 

[0043] r<04l^, ^l*77-^^<^7-IS5FM. 
|ro^^-Cti, Jfe;g«c#SDt7T'C/'5*7'7C.«:»)*t 
■53te77-Y^<F.. ro-ffiSi5®;J»6.l'"if)t«5A;jSix5 
itlC^;S!j5. rroi—ifitl*. #Jt77'('/^Fu , F 

a -C^tv^i^ 1 / 2 f ^ nx^SigS?©. 
tvfc t^— r)tJ±> )fe7 7 '^F . U-C«W;©4SS6S® 
C3t7T'f /^F. S::J)'LT-*co«®(c-C-itenA;^ 
[0044] 2oH^iS^tuTv^fcw— tF3t 

Lfcotpii:3fe77'('/<F.: ©jgaia)?5»^>iaMS4xSo 

o*»). )t7 7'<^^F.. fl?i^^®75^P>^Sift©3fc*AW 

»)|ll$it2>o o*?>> ||i3fe7r'l''^5 7-g5FM 

[00451 CyUX. ^13fe77^/n7'-aiFM. 
X-RM^^bfcU— fjtfl, f?t/3fe77'1'''<«lS*^AE 
(C«A$iT--Cli®^5n5. 

[0 04 6] ^2^7r'<'^<S7-€RFM,ICO 
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7 

. (fcfc* fl , - fl « = 1 8 0° ) l'^ri"Sit^lSig®3lfc 
i5g5fe&^t#it:^y'i'^-«F» , f« x-^(^$ii.X^iglfi? 

3j>F)iUW$tifc^— 3t7r^'-«F2&:frfC<l!i 

[0 0 4 7] :L(Ot^. 2<3iC^i$^flX\'^tcU-^^ 

[0 0 4 8] w5 L-C, ||2i(£7T'<-'^5 7-S»FM, 

23K7r'<'''-«59~g»FM,, FM.X'-f-*t-?ixRW^tt 

[0 0 4 9] crow— f^igm. 09IC7r:bfctie*«> 
y >-^^4R(0)fe*ffiS§rtXU— tf3t*iaiE!c?-B:-5<l:9<i:t) 
(^-e«*<, Bl^ ^25£77^^<5 7-g6FM:. F 

[0 0 5 0] E8C^J:5l-, w— 

SrartLfct*, fg23fe7r-<''<5 7-^Si5FlVU-eiiai 
m\cm). r©mi)t7r'l''<57-|fJFM.T'C«5 

M.<iS5«K-ett, iSic- a e roused 
2,ro-c\ N-5t«s±«:SffiE«i-5 j: t X'im-n ©-rti 

tOOSll rr-C. m23fe77'i'^<5 7-«6FM 
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{fe#S!)£77>('>'-«*"/5C.T'RW§ix^Ct^i:<, ^ 

[0 0 5 2] /j:*5. g)jS}t(iSc^lO'b. fg2^7T'l' 
/< 5 7 FM. tWfifet 5 7 Fa ©ijg^®* » 

e>m^J4Souts:^^ttalS^$4^5A^ ::o?isij®ts:'F^ 

[0 0 5 3] *fc. L'>-ti*3fe(S[fiii)Orts 
JS^tDIi, m2)t77-<^<57-a5FM,«r«fifet53fe 

sfc©©, w— !f^^iiSffil^^l^S'??fc^^•5•c, -tixt) 

fl?36«li>:m{cj|^L« <^^(D^mn 9,, Bz 5tt 
[0 0 5 4] «43. ±ti(Om^mfi. ^2^y7-(^ 

y ^xj^v c» SrStt, 7 -< c, w 

[0055] 

V^fc5t77-f^'«W-t'l-i3V^-C. mi. f^2%77^^< 
[00 5 61 r<^«^®)£77-f^^w— fft. ^ 

[0 0 5 7] ffijfewJi^ife^iifeittiS^^ti^S 

[112] *»Wro|ISS^Jlc#$3te7 7'f-'<v— 
40 7-<^<*7'7©fllfi£^T'fo^. 

[113] i!2©jKfifi!cWt7T'r/-<;ft:^7<o»(S^<^ 
(1141 Ei2«>iJftft#a3t77'l'''<:*:^7{c:*JV>-C, 

m'mxhho 

[05] Jt£^l9ro^«?il='^53fe7 7'f-'^«^i''Sr«fi£ 
2%J7^/'^^ 7-Sil{c^ 

[06] ll5<!){g}fe*fe#M3t77^^<5<»:^5<^:&'S*® 

so mft^^^tS^S'-i-j^H-e&S. 
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1117] il5®iiJStt#M3fe7r'f>^*7'7tC*JV^T. 



/<U-f'yi:mim-i>^ityr'<^'^. Fn . Fh 



. 1119] %^<oj\^:m<oit^^^^-fi%y7^^< m.%y7^'^-Jj:fyi:m^r^^%y7'<^\ 
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